Application of Econometric Data Analysis Methods to Physics Software by Pia, Maria Grazia & Ronchieri, Elisabetta
ar
X
iv
:1
70
4.
05
92
0v
1 
 [c
s.S
E]
  1
9 A
pr
 20
17
Application of Econometric Data Analysis Methods to Physics
Software∗
Maria Grazia Pia† Elisabetta Ronchieri‡
July 20, 2018
Abstract
We report an investigation of data analysis methods derived from other disciplines, which we
applied to physics software systems. They concern the analysis of inequality, trend analysis and
the analysis of diversity. The analysis of inequality exploits statistical methods originating from
econometrics; trend analysis is typical of economics and environmental sciences; the analysis of
diversity is based on concepts derived from ecology and treats software as an ecosystem. To the
best of our knowledge, this is an innovative exploration, as we could not find track of previous
use of these methods in the experimental physics domains within the scope of the IEEE Nuclear
Science Symposium. We applied these methods in the context of Geant4 physics validation and
Geant4 maintainability assessment.
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1 Introduction
This presentation reports an innovative application of data analysis methods derived from disciplines
other than physics, namely economy and ecology, to physics software problems. They concern the
analysis of inequality, trend analysis and the analysis of diversity. The analysis of inequality exploits
statistical methods originating from econometrics; trend analysis is typical of economics and environ-
mental sciences; the analysis of diversity is based on concepts derived from ecology and treats software
as an ecosystem.
The exploration of these methods is motivated by concrete requirements of ongoing projects con-
cerning Geant4 [1, 2] physics validation and Geant4 maintainability assessment; nevertheless, their
scope of application in physics analysis is wider.
2 Inequality analysis
The need to detect and estimate inequality within a data sample may arise in a variety of physics
scenarios. We investigated its application in the context of evaluating software quality metrics [3],
where inequality analysis helps aggregating the sparse information associated with individual elements
(files, classes) of a software package into a single variable, which summarizes the distribution of the
measurements.
A set of statistical methods has been developed in the context of econometrics to identify and
quantify inequality [4]. In their original context they are usually applied to evaluate the distribution
of resources within a country. For instance, the most common measure of inequality, the Gini index,
is a measurement of the income distribution of a country’s inhabitants. It is a number between 0 and
1, which is based on residents’ net income; it measures the gap between the rich and the poor, with 0
representing perfect equality among the inhabitants and 1 representing perfect inequality.
In addition to the Gini index, we evaluated other inequality measures: they include the Ricci-
Schutz coefficient (also known as Pietra index), Theil’s entropy measure and Atkinson’s measure. We
will discuss their specific characteristics and the role they play in the analysis of Geant4 maintainability
in the full paper.
An example of inequality analysis is shown in Figs. 1-4, which concern the Halstead Mental Effort
metric calculated over the solids package of Geant4. One can observe similarities across the various
inequality measures, although their numerical values are different.
Currently, we are evaluating the application of inequality analysis to overcome some limitations of
inductivism in the context of simulation validation.
3 Trend analysis
Trend analysis exploits statistical methods to spot an underlying pattern in a series of data (usually
a time series), which can be distinguished from randomness. It is widely used in disciplines such as
economics, finance and environmental sciences.
The need of performing a trend analysis may also arise in physics software scenarios. An example
is illustrated in Fig. 5, which represents the evolution of compatibility with experiment of a simu-
lated observable (the fraction of backscattered electrons, in this case), produced with the same user
application code [5, 6, 7], but using different Geant4 versions. If the reference experimental data are
unchanged, one expects that compatibility with experiment would remain unchanged (within statisti-
cal fluctuations) over different Geant4 versions, or at most would improve with time, if Geant4 itself
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Figure 1: The Gini index calculated over Halstead Mental Effort measure in Geant4 solids package,
as a function of Geant4 version. This plot is the result of a preliminary analysis and is shown as an
example of the outcome of inequality analysis methods.
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Figure 2: The Pietra index calculated over Halstead Mental Effort measure in Geant4 solids package,
as a function of Geant4 version. This plot is the result of a preliminary analysis and is shown as an
example of the outcome of inequality analysis methods.
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Figure 3: The Atkinson index calculated over Halstead Mental Effort measure in Geant4 solids package,
as a function of Geant4 version. This plot is the result of a preliminary analysis and is shown as an
example of the outcome of inequality analysis methods.
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Figure 4: The Theil index calculated over Halstead Mental Effort measure in Geant4 solids package,
as a function of Geant4 version. This plot is the result of a preliminary analysis and is shown as an
example of the outcome of inequality analysis methods.
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Figure 5: Evolution of compatibility with experiment (“efficiency”) of a simulation configuration versus
Geant4 version.
is improved in later versions. Otherwise, evolution of the observable towards worse compatibility with
experiment could be attributed to deterioration of the Geant4 kernel. Fig. 5 qualitatively hints to
some apparent downward trend. In such a scenario one requires the ability to discern whether the ap-
parent degradation of compatibility with experiment is statistically significant, so that it would justify
appropriate actions both by users (for instance, sticking to an older version of Geant4 for production)
and by Geant4 developers (investigating the introduction of defects Geant4 code).
Various statistical analysis methods are available for trend analysis. We investigated the use of the
Mann-Kendall test [8, 9], which tests whether to reject the null hypothesis (H0: no monotonic trend)
in favour of the alternative hypothesis (H1: monotonic trend is present, e.g. downward trend in the
case of Fig. 5).
In the scenario of Fig. 5 the p-value resulting from the Mann-Kendall test is 0.007, which corre-
sponds to rejecting with 0.01 significance the null hypothesis that the observed pattern is consistent
with randomness, in favour of the alternative hypothesis of some degradation in compatibility with
experiment.
It is worthwhile to note that trend analysis over an extended range can identify more subtle effects
than the mere comparison of just two scenarios (e.g. in the aforementioned examples, of the outcome of
simulation with two Monte Carlo simulation versions only), where genuine differences could be hidden
by statistical fluctuations. This analysis technique could be a powerful instrument to complement
validation and regression testing of Monte Carlo simulation systems, as well as in other experimental
application scenarios.
We performed trend analysis also over a set of software quality metrics discussed in section 2. In
this context we studied the evolution of metrics calculated over several Geant4 versions. For instance,
evolution towards greater coupling between objects is observed in Fig. 6, while a decreasing trend
is observed in Fig. 7, which concern abstract base classes in the utils and leaf (derived or non-
derived) classes in the standard packages of Geant4 electromagnetic physics, respectively. In both
cases the Mann-Kendall test rejects the hypothesis of randomness with 0.01 significance, in favour of
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Figure 6: Evolution of the Coupling Between Objects software metric of abstract classes in the utils
package of Geant4 electromagnetic physics versus Geant4 version.
an alternative hypothesis of upward and downward trend, respectively. Since various classes in the
standard package derive from abstract base classes in the utils package, caution should be exercised
in appraising the apparent decrease in coupling between objects observed in the standard package.
4 Conclusions
Data analysis methods pertinent to disciplines other than physics are powerful instruments in physics
software applications. Only a brief overview of our ongoing work in this innovative domain is given in
this summary; more extensive results will be discussed in the conference presentation and in the full
paper.
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